progression rates and OS in patients with primary tumor excision and SLNB at the same time compared with patients with excisional biopsy of primary tumor and SLNB at different times. Conclusion: These data suggest that excisional biopsy of the primary tumor does not prevent the correct SLN mapping in melanoma patients.
Introduction
The incidence of melanoma has increased significantly in the last few decades. Surgery is the gold standard in the treatment of primary melanoma, while the histological tumor thickness according to Breslow is decisive for safety margins and the indication for sentinel lymph node biopsy (SLNB). At present, SLNB is recommended at a tumor thickness greater than 1 mm [1, 2] . The sentinel lymph node (SLN) is the first regional lymph node on the direct lymphatic pathway from the primary melanoma. If tumor cells have metastasized, they are most likely located in the SLN. SLNB was initially described by Morton et al. [3] and is recognized as an important diagnostic procedure with a great prognostic value, while a therapeutic benefit has not been shown yet.
In most skin cancer centers in Europe, SLNB is performed according to European melanoma guidelines with two common approaches [1, 4, 5] : (i) excisional biopsy of the primary tumor with histological confirmation of tumor type and thickness followed by a wide excision (1 cm and more) and SLNB, or (ii) wide excision of the primary tumor and SLNB at the same time, provided that the clinical diagnosis is obvious, possibly supported by dermoscopy and by high-frequency ultrasound for the preoperative evaluation of tumor thickness [6] [7] [8] .
It is still controversially discussed how far the surgical procedure of the excisional biopsy of the primary tumor alters the lymphatics leading to different draining SLNs. It has been questioned whether lymphatic mapping shows consistent results with or without prior excisional biopsy of the primary melanoma. It was hypothesized that a nonidentical lymphatic mapping would lead to an increased probability of false-negative SLNB and thus higher rates of progressive disease, especially of regional lymph node metastases.
Patients and Methods
At our dermatology unit, 1,049 consecutive patients had been identified for SLNB between September 1996 and November 2007. Most of them presented with cutaneous melanomas with a Breslow thickness 1 1 mm or with other risk factors such as ulceration or regression of primary melanoma as well as Clark level IV and V. No SLN could be detected in 29 out of 1,049 patients (2.76%) for technical reasons. Thus, the detection rate was 97.24%. In 166 patients, missing information concerning tumor type, tumor thickness, Clark level or follow-up data led to the exclusion from the study. Therefore, a total of 854 patients could be enrolled in this study.
In patients with clinical suspicion of melanoma, the diagnosis was corroborated using dermoscopy. A measurement of tumor thickness was performed preoperatively using 20-MHz high-frequency ultrasound (DUB 30, Taberna pro medicum, Lüneburg, Germany) [6] [7] [8] .
Postoperatively, the median tumor thickness was 2.15 mm as determined histologically. If excisional biopsy of the primary melanoma had been performed elsewhere, the original slides were re-examined by an experienced dermatopathologist (M.F.) at our department. The primary tumor was excised within 4 weeks prior to SLNB (n = 549) or at the same time as SLNB (n = 305). A safety margin of 1 cm was chosen for primary tumors up to 2 mm in thickness, while thicker tumors were excised with a safety margin of 2 cm according to the German melanoma guidelines. In most patients with both surgical procedures at different time points, excisional biopsy of the primary tumor was performed at first followed by a wide excision (1 cm or more) together with SLNB.
In only 4 patients had primary tumor excision already been performed with a safety margin of 1 cm.
SLNB Procedure
Two to 16 h prior to SLNB, dynamic lymphoscintigraphy was performed using technetium-99m-labeled human serum albumin colloid (Solco-Nanokoll, Sorin-Biomedica, Munich, Germany) in collaboration with the Department of Nuclear Medicine, University of Munich. The skin site corresponding to the hottest emission point was marked. On the day of surgery, a hand-held gamma camera (C-Trak System, Care Wise, Morgan Hill, Calif., USA) was used to measure background and SLN radioactivity pre-and intraoperatively. In addition, intradermal injection of 0.5-1.0 ml of patent blue V (Guerbet, Sulzbach, Germany) was performed 10-15 min preoperatively about 0.5 cm around the primary tumor or excision scar. The SLN was identified as a hot and blue-stained lymph node. SLNB was performed using standard procedures. All lymph nodes exhibiting radioactive impulse rates of at least 10% of the lymph node with the maximal radioactive impulse rate were surgically removed [9] .
Histopathological Evaluation
For histopathological examination, the SLN was bisected along the long axis after formalin fixation. From each paraffin block, 8-12 sections were prepared for staining with hematoxylin and eosin and Giemsa as well as for immunohistochemical analysis (S100, HMB45, NKiC3, Melan A). The tumor load was documented for each SLN concerning location within the lymph node and size (micrometastasis and macrometastasis). Lymph nodes with histologically proven deposits of more than 3 tumor cells were considered metastatic. Primary tumors and the specimens from complete lymphadenectomies were examined using routine histology [9] .
Surgical and Adjuvant Therapies
Patients with metastases in the SLN (213/854 patients; positive SLN) were recommended to undergo a radical lymph node dissection of the regional basin [9] . Of these, 176 patients (83%) underwent this procedure. The lymph nodes of the neck were removed by a modified neck dissection, the axillary nodes by a level II dissection and the inguinal nodes by an ilioinguinal dissection (cranially up to the iliac bifurcation and caudally to the apex of the femoral triangle). All patients with primary melanoma 6 1.5 mm thickness as well as patients with positive SLN were considered for low-dose ␣ -interferon therapy (3 ! 3 million IU s.c. per week). The adjuvant treatment courses were not recorded in detail for this study, but they were performed according to study protocols of the German Dermatologic Cooperative Oncology Group [10] . The duration of adjuvant treatment varied between 18 and 60 months.
Statistical Analysis
The association of patient and tumor characteristics with time point of lymphatic mapping (1 vs. 2) was assessed by the 2 test. Disease-free (DFS) and overall survival (OS) curves were estimat-ed using the Kaplan-Meier product limit method and were analyzed for significant differences by the log rank test. The significance level was determined at p ! 0.05. To assess the risk of different surgical procedures on DFS and OS with respect to the impact of different tumor-and patient-related factors, we calculated 3 models using Cox regression analysis with different adjustments. The analyses were performed with the statistical software package SPSS, version 16.0 (Chicago, Ill., USA).
Follow-Up
The follow-up of all patients was conducted by clinical examination and ultrasound of regional lymph nodes at our dermatology unit in intervals according to the German follow-up guidelines. Tumor progression as well as survival was documented, additionally.
Results
The distributions of patient and tumor characteristics for all patients stratified by time point of lymphatic mapping are shown in table 1 . The median age of all patients was 55 years (range 9-83 years); 485 were male (56.8%) and 369 female (43.2%). Almost half of the patients (49.7%) were between 51 and 70 years of age. The median tumor thickness was 1.6 mm (range 0.2-19 mm). The time point of lymphatic mapping was significantly associated with all patient and tumor characteristics except for the Clark level.
To determine if the sequence of surgical procedures (excisional biopsy of the primary melanoma and subsequent SLNB at different time points vs. wide excision of the primary melanoma and SLNB at the same time) had a significant effect on the course of the disease, survival analysis (Kaplan-Meier estimator with log rank tests for bivariate comparisons) was performed.
Description of Outcome Analysis
A total of 1,491 SLNs were excised in 854 patients (mean 1.75 per patient). A total of 549 patients underwent excisional biopsy of the primary melanoma and SLNB at different time points (group 1), while 305 patients received both surgical interventions at the same time (group 2). In group 1, 88 (16%) of 594 patients developed progression of disease compared to 59 (19.3%) of 305 patients in group 2 ( table 2 ). There was no significant difference with respect to the mode of progression, i.e. metastasis in the regional lymphatic basin, either: in group 1, progression in regional lymph nodes was found in 20 patients (3.6%) compared to 15 patients (4.91%) in group 2 (p = 0.34; table 2 ). 
Results of Survival Analysis
Patients who had undergone both surgical interventions at different time points (group 1) showed a DFS of 110.2 months, while patients with excision of the primary tumor and SLNB at the same time (group 2) had a DFS of 104.54 months (p = 0.472). The OS in group 1 was 113.39 months compared to 113.2 months in group 2 (p = 0.844). As these differences between both groups were not statistically significant, the sequence of surgical procedures did not seem to affect the risk of tumor progression ( table 3 ) .
A subdivision of the two groups with respect to the presence of SLN metastasis showed no significant difference in DFS: patients with positive SLNs in group 1 had a median DFS of 82.11 months compared to 77.65 months in group 2 ( fig. 1 ; p = 0.805). Patients with negative SLNs in group 1 had a median DFS of 118.7 months compared to 113.96 months in group 2 ( fig. 2 ; p = 0.805).
The time point of lymphatic mapping was not significantly associated with DFS or OS as shown by calculating 3 models using Cox regression analysis with different ad- ( table 4 ) . The reliability of the lymph node mapping could also be demonstrated by 2 individual cases: in 2 patients, lymphoscintigraphy had been performed twice, i.e. before and after excisional biopsy of the primary melanoma, because the originally planned excision of the SLN had to be canceled due to the unintentional oral intake of metformin. Therefore, a few days later a second lymphoscintigraphy was performed followed by SLNB and a wide excision with the recommended safety margins. In both cases, it seemed that the identical SLNs were mapped in the same regional lymphatic basins. Figures 3 and 4 show the lymph node mapping before and after excision of the primary melanoma of the respective patients.
Discussion
SLNB has become the gold standard in the surgical management of cutaneous melanoma with a Breslow thickness 1 1 mm [2, [11] [12] [13] . In selected cases (young patient age, ulceration of the primary melanoma, Clark level IV or V, signs of regression), SLNB is also recommended in patients with melanomas thinner than 1 mm. The detection of micrometastasis in the SLN is the most important negative prognostic factor [14, 15] . In case of SLN metastasis, regional lymph node dissection is commonly HR = Hazard ratio; CI = confidence interval. Surgical modality was excision of the tumor and SLNB either at the same time or consecutively. Model I included the variable surgical modality. Model II included variables surgical modality, age and sex. Model III included variables surgical modality, age, sex, histological tumor type characteristics (nodular + secondary nodular + nevus, ulceration, regression, not specified + other), tumor thickness, histological tumor type (nodular melanoma, superficial spreading melanoma + secondary nodular superficial spreading melanoma, acral lentiginous melanoma, other + spitzoid) and localization of primary. recommended. While SLNB is accepted as an important diagnostic procedure, the opinions about a possible therapeutic effect are very controversial, and data from large prospective clinical trials are still missing [10, 16, 17] .
Since SLNB is a standardized and well-established procedure in most skin cancer centers, its reproducibility is of the utmost importance [18] . Previous studies have indicated that lymphoscintigraphy for lymphatic mapping in melanoma is reproducible [19, 20] .
Whether the time point of primary tumor excision and SLNB, i.e. at the same time or at a different time, affects the accuracy of the lymph node mapping and consequently the further course of disease is still under discussion. Frequently, primary tumor excision and SLNB are not carried out at the same time point. However, there are concerns that the patterns of afferent lymphatic flow from a primary tumor site may be altered as a result of disruption of the lymphatic vessels. This disruption may negatively impact on the identification of the SLN or the correct pathological status of the draining lymph node basins in these patients, since the actually identified drainage pathways may no longer represent the original ones of the primary tumor [20, 21] . Consequently, SLNB could miss the true SLNs and identify false-negative SLNs. In these patients, the possible benefit of a complete lymph node dissection and of an adjuvant therapy at an early stage would not even be considered [22] .
These problems do not exist when the primary tumor excision and SLNB are performed at the same time. However, in many cases excisional biopsy of the primary tumor is performed initially because the clinical diagnosis needs to be confirmed first and the tumor thickness of melanoma is uncertain [23, 24] . Very commonly the primary excision takes place in a nonspecialized outpatient setting before the patients are then referred to the hospital for SLNB. Our present data show that 64.2% of the patients underwent excisional biopsy of the primary melanoma and SLNB at different time points. Hence, a complete understanding of the accuracy and validity of SLNB after excisional biopsy of the primary tumor is mandatory. The results of a univariate analysis show no significant correlation between the sequence of surgical procedures and general disease progression (p = 0.219), or with progression in regional lymph nodes either (p = 0.304). In fact, the number of relapses in regional lymph nodes was even lower in patients who had received excisional biopsy of the primary tumor and SLNB at different time points (3.6%) compared to patients who had both surgical procedures at the same time (4.91%). These data indicate that excisional biopsy of the primary tumor does not significantly alter lymphatic vessels leading to different lymphatic drainage.
Moreover, the sequence of surgical procedures does not seem to influence DFS and OS: there was no statistically significant difference in both groups regarding DFS (p = 0.472) and OS (p = 0.844). After differentiation of both groups into SLN-positive and SLN-negative patients, no differences concerning DFS and OS could be observed either.
All patient and tumor characteristics except for the Clark level were different in both groups (primary tumor excision and SLNB performed at the same time or consecutively). A possible selection bias could be excluded by calculating 3 models using Cox regression analysis with different adjustments. The results of our study suggest that SLN mapping remains accurate, even though excisional biopsy of the primary tumor and SLNB are performed at different time points, because this approach did not show higher rates of false-negative SLNs or worse survival rates. These results are supported by a previously published prospective study in which Trifiro et al. [25] could demonstrate that in 23 of 31 cases lymphoscintigraphy before and after excisional biopsy was concordant in terms of nodal basins visualized. False-negative results were obtained in 8 patients: in 2 patients, the second lymphoscintigraphy did not identify any lymph node basin, while an additional basin appeared in 6 patients. Other studies indicated that even after wide local excision (1 cm or more) including primary closure as well as split-thickness skin graft lymphatic mapping and SLNB were accurate [22, [26] [27] [28] .
Regional relapses (false-negative SLN) were only seen in patients who underwent rotation flap grafting prior to SLNB, so this procedure is considered to be a contraindication. In some cases, patients may show an increased number of SLNs and drainage to additional lymph node regions [29] .
In summary, regional lymph node mapping and SLNB subsequent to excisional biopsy of the primary tumor are accurate and have no other impact on OS and DFS compared to both surgical procedures performed at the same time.
